Abstract-The effect of verapamil on K-stimulated "Ca uptake (the difference between uptake in 60 mM-K0 medium and 5 mM-K0 medium) was studied using a synaptosomal fraction from rat brain. Verapamil inhibited K-stimulated 45Ca uptake, but not 45Ca uptake in 5 mM-K0 media (1 mM and 0
In this work we examined the effect of verapamil on K-stimulated 45Ca uptake by the synaptosomal fraction from rat brain.
MATERIALS AND METHODS
Synaptosomes were prepared from the brain (without the cerebellum) of male Sprague Dawley rats (150-200 g) by a modification of the method of Gray and Whittaker (10) as described previously (16) . The synaptosomal fraction [fraction "P2B" of Gray and Whittaker (10) ] was homogenized in ice-cold 0.35 M sucrose (8-10 mg of prot./ml) and used in all studies.
For determination of 45Ca uptake by synaptosomes, a 50 at aliquot (about 500 /Ig protein) of a suspension of synaptosomes was added to standard medium, consisting of 120 mM NaCI, 5 mM KCI, 1 MM MgCl2, 30 mM tris-HCI (pH 7.4), 1.5 mM phosphate buffer (pH 7.4), 10 mM D-glucose and 1 mM or 0.1 mM CaC12. The mixture was pre incubated for 10 min at 30'C and then 100 /cl of 45CaC12 (about 0.2 aCi) with NaCI or KCI (final conc. 55 mM) was added and the mixture was incubated for 10 sec at 30'C, unless otherwise indicated. When added, verapamil or Mn++ was introduced with 45Ca. The final volume of the reaction system was 1.0 ml. The reaction was terminated by adding 4.0 ml of ice-cold standard medium, and the mixture was immediately poured onto a TM-2 filter (0.45 /im pore size, from Tokyo Kagaku Co.). The filter was washed three times with 
RESULTS
Time course of 45Ca uptake: Figure 1 shows the time course of 45Ca uptake by syn aptosomes incubated in I mM-Cao medium containing 5 mM or 60 mM-Ko at 30'C. The initial rate of 45Ca uptake was much greater in high K+ medium, but in both media it reached a plateau in 20 sec. K-stimulated 45Ca uptake, calculated as the difference between the uptakes in 60 mM-K0 medium and in 5 mM-K0 medium, was about 5.6+1.1 n moles/mg protein at the plateau under these conditions. This value is in good agreement with that reported by Blaustein et al. (13) . The modality of the time course of 45Ca uptake in 0.1 mM Ca. medium was the same as that in 1 mM-Cao medium, as described above (data was not shown). From these results, an incubation time of 10 sec. at 30'C was used in all subsequent studies on 45Ca uptake. Effect of verapamil on 45Ca uptake: Figure 2 shows the effect of verapamil on 45Ca uptake in 1 mM-Cao medium. In our experimental conditions, 45Ca uptake in 5 mM-K0 medium was not affected significantly by various concentrations (from 10-6 M to 10-3 M) of verapamil, but K-stimulated 45Ca uptake was inhibited by verapamil, the concentration for 50% inhibition (ID50) being about 10-4 M.
Next we examined the effect of verapamil on 45Ca uptake in low Ca,' medium, 0.1 mM Cao, to see whether the effect was influenced by the concentration of external CaC12 ([Ca++]o).
As shown in Fig. 3 , verapamil did not affect 45Ca uptake in 5 mM-K0 medium, but inhibited K-stimulated 45Ca uptake, as in 1 mM-Cao medium. The ID50 of verapamil in low Ca medium was about 2 x10-4M.
These results, which are summarized in Fig. 4 (18)]. However, the effective concentration of verapamil in mammalian cardiac muscle fibers was 1/10 to 1/100 as much, being in the order of micro mole/l (5). This difference in the effective concentrations of verapamil suggests that verapamil shows organ specificity.
Kohlhardt et al. (5) reported that verapamil specifically inhibited the Ca current in mammalian cardiac muscle fibers. However, verapamil seems to cause less specific in hibition in the nervous system. For example, D-600 (a derivative of verapamil) inhibited not only the Ca-dependent action potential but also the Na-current in squid giant axon (6) . Moreover D-600 and verapamil both inhibited the Ca-dependent action potential in the X-organ neuron of the crayfish, but this inhibition was accompanied by a decrease in delayed rectification, which is an indication of increase in K permeability (9) . Thus it will be inter esting to examine whether verapamil influences the Na and K currents in rat brain synaptosomes.
